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EVALUATING THE FEASIBILITY OF IMPLEMENTING DIRECT ANALYSIS 
IN REAL TIME – MASS SPECTROMETRY FOR THE FORENSIC 
EXAMINATION OF POST-BLAST DEBRIS 
ARIEL IVAN LISING 
ABSTRACT 
 Improvised explosive devices (IEDs) continue to be a national threat to the safety 
and security of the public. Research in explosives analysis for intact and post-blast 
samples continue to be a topic in which practitioners are constantly improving and 
searching for faster methods and techniques to analyze these sample types. The key role 
crime laboratories play in analyzing these sample types can have limitations, such as 
increasing turnaround times and backlogs. This concern additionally plays a role in the 
safety of the public if an unknown individual has not been discovered. Current analytical 
instrumentation in which explosives are analyzed includes Gas Chromatography – Mass 
Spectrometry (GC-MS), Liquid Chromatography – Mass Spectrometry (LC-MS), and Ion 
Mobility Spectrometry (IMS). Each instrument has benefits in the analytical results 
obtained.          
Direct Analysis in Real Time - Mass Spectrometry (DART-MS) has shown a 
significant promise as an analytical approach that can help remedy the time an explosive 
sample is analyzed, while additionally providing discriminating analytical results. 
Previous research has shown that DART-MS is capable of analyzing explosives, 
including smokeless powder. A limitation currently in the area of smokeless powder 
analysis with DART-MS is the application of utilizing this method and technology to 
  vii 
realistic casework that may be encountered in forensic laboratories. Intact and post-blast 
explosive samples encountered in forensic laboratories arrive in various states and 
conditions. For example, the severity of the blast and environmental factors may play a 
role in the detection of smokeless powder on these sample types.  
To provide objective information and additional research, studies were conducted 
with mixture samples of smokeless powder and potential matrices that may be 
encountered in real world case samples. Faster processing time, in addition to the 
discrimination of smokeless powder, was the ultimate goal of this research. Due to the 
complexity of the mass spectra that may be generated from sample mixtures, an 
extraction technique coupled with DART-MS was investigated. A liquid-liquid extraction 
(LLE) method and dynamic headspace concentration using Carbopack™ X coated wire 
mesh were tested for the effectiveness of separating the analytes of interest of smokeless 
powder from various matrix interferences. Hodgdon Hornady LEVERevolution (HHL) 
smokeless powder, Pennzoil 10W-40 (P10W40) motor oil, and residue from metal end 
caps (China SLK brand) and black steel pipe nipples (Schedule 40) were used during the 
course of the matrix interference study. 
The method of applying dynamic headspace concentration using Carbopack™ X 
coated wire mesh and analysis by DART-MS provides an effective alternative to 
obtaining mass spectral data in a shorter amount of time, compared to techniques 
currently used in forensic laboratories. Effective separation was not achieved using the 
various LLE methods tested. Further testing would be required in order to evaluate the 
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feasibility of implementing the technique as a sample preparation approach prior to 
analysis by DART-MS. 
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 1 
INTRODUCTION 
 
 Improvised explosive devices (IEDs) continue to be a national threat to the safety 
and security of the public. These terrorist attacks not only occur within our nation, but 
throughout the world. The attacks occurring in Iraq, Afghanistan, and those that occurred 
in Boston and Oklahoma City demonstrate the magnitude of how many people can be 
affected during and after the incident occurs. The importance and key role crime 
laboratories play in the aftermath of these attacks may help to answer a portion of the 
puzzle between the evidence item and the suspect(s). A reduction in the timeline between 
obtaining results and discovering a person of interest can help bring justice to a 
community.          
One instrumental method that may assist in narrowing turnaround time is the 
utilization of Direct Analysis in Real Time - Mass Spectrometry (DART-MS). 
Experiments have tested this instrumental technique in the analysis of smokeless powders 
utilizing DART-MS, however what has been lacking in this topic of research is the 
fundamental problem of applying this method and technology to realistic casework 
samples that may be encountered in forensic laboratories. In other words, there is 
currently a gap between the research-aspect of the approach and what practitioners need 
in regards to implementation of the technique in crime laboratories. The amount of 
published literature that is available on explosives analysis is numerous, however there is 
still a current need on the application of DART-MS on realistic casework samples.  
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Challenges in the analysis of realistic casework sample types include: the 
substrate the smokeless powder adhered to post-blast, vehicle fluid present intermixed 
with smokeless powder in regards to vehicle explosions, and the overall environmental 
conditions the sample has been exposed to. These different factors play a role when 
samples are analyzed instrumentally and the resulting mass spectral data is interpreted for 
the determination of the presence of smokeless powder. Various matrix interferences 
present an overall analytical challenge on realistic casework samples submitted to crime 
laboratories. 
 
1.1 IMPROVISED EXPLOSIVE DEVICES 
Improvised explosive devices (IED’s), are generally constructed using readily 
available materials that are easily accessible to the public. An improvised explosive 
device, can typically be thought of as having three key components. These include: a 
physical container, an explosive filler, and a charge to initiate the explosive. Physical 
containers used to construct an improvised explosive device can be metal, plastic, or 
glass. One example of a filler is smokeless powder, which can vary in energy and 
composition. Once the filler is initiated by a charge, the smokeless powder begins to 
deflagrate and the rapid increase of internal heat and pressure causes the container to fail 
and ultimately explode 1, 2. The damage and severity of the improvised explosive device 
to the intended target(s) can also vary depending on the background and technical 
knowledge of the attacker. The improvised explosive device may also contain washers, 
nails, and other pieces of hard debris attached, added in, or on the container itself. The 
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effect of adding shrapnel to the improvised explosive device increases the severity of the 
damage the device was intended to produce.  
 
1.2 CHEMISTRY OF SMOKELESS POWDERS 
 A smokeless powder is classified as a propellant, or low explosive. These types of 
explosives are combustible materials, containing the oxygen needed for their combustion. 
They burn, but do not explode, and function by producing gas which produces an 
explosion 3. Smokeless powder burns in the open environment, however if confined, may 
detonate or deflagrate to generate enough gas to cause an explosion. Smokeless powders 
can be classified into three different types: single-base, double-base, and triple-base 
powders. Single-base smokeless powder contains nitrocellulose, which is used as its 
energy source. Double-base smokeless powder contains both nitrocellulose and a liquid 
explosive plasticizer such as nitroglycerin as its energy source. Triple-base smokeless 
powder contains a combination of nitrocellulose, nitroglycerin, and nitroguanidine 4. The 
addition of nitroguanidine adjusts the gas output, energy, temperature, and the burning 
rate of the smokeless powder.  
 The process and manufacturing of smokeless powders also includes the addition 
of various components, aside from the energetic material it is made of. The 
environmental air and moisture content both play key roles in the effectiveness and 
longevity of the smokeless powder. Air exposure of the smokeless powder results in the 
decomposition of nitrocellulose. This reaction produces nitrous and nitric acids, which 
increase the rate of decomposition of the smokeless powder. In addition, stabilizers are 
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added into the product during the manufacturing process to facilitate the removal of these 
acids. The stabilizers prevent further degradation and allow for an increase in the shelf 
life of the product 3. Stabilizers used in the process of manufacturing smokeless powders 
include: diphenylamine, nitrodiphenylamine, ethyl centralite, ethylaniline, carbazole, 
nerolin, mineral jelly, and akardite I, II, and III. The stabilizers included in the 
manufacturing process are generally less than 2% of the entire makeup 5.   
Plasticizers such as dibutyl phthalate, dinitrotoluene and nitroglycerin are also 
included in the manufacturing process of smokeless powder. These plasticizers soften the 
powder, which assists in the extruding process of the smokeless powder. In addition to 
the function of making the smokeless powder physically versatile during the extruding 
process, plasticizers reduce the retention of water and moisture present in the 
environment which may have an effect on the chemical properties of the smokeless 
powder. 
 
1.3 CURRENT METHODOLOGIES IN SMOKELESS POWDER ANALYSIS 
Analytical instrumentation that has been used in the analysis of smokeless 
powders include: capillary electrophoresis (CE) 6, desorption electrospray ionization 
(DESI) 7-12, Fourier transform - infrared spectroscopy (FTIR) 13-15, high performance 
liquid chromatography (HPLC) 16-18, ion chromatography (IC) 19-20, isotopic ratio mass 
analysis 21-24, luminescence 25-27, scanning electron microscopy (SEM) 28, and thin layer 
chromatography (TLC) 29. These methods are beyond the scope of this research and are 
not discussed further. 
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  Laboratory practices in both the applied and research fields additionally utilize 
Gas Chromatography - Mass Spectrometry (GC-MS) 30-33, Liquid Chromatography - 
Mass Spectrometry (LC-MS) 4, and Ion Mobility Spectrometry (IMS) 34-37 as key 
analytical techniques for the separation, detection, and analysis of smokeless powders. 
 
1.3.1 ANALYSIS OF SMOKELESS POWDER BY GC-MS 
The common instrument used in the analysis of smokeless powder is GC-MS. 
GC-MS is widely used in forensic laboratories and has gone through rigorous validation 
procedures prior to its implementation in casework. Furthermore, additional research has 
and continues to be performed on the analysis of smokeless powders due to the 
effectiveness of separating compounds of interest in complex mixtures utilizing GC-MS. 
There are limitations, such as effective sample elution from the column and detection by 
the mass spectrometer. Some explosives are thermally labile and may decompose during 
separation, whereas some are nonvolatile and cannot be analyzed without additional 
sample preparation steps 4. A critical factor that many crime laboratories face is backlogs 
and the long analysis time using GC-MS may contribute to increasing those backlogs. 
 
1.3.2 ANALYSIS OF SMOKELESS POWDER BY LC-MS 
 GC-MS samples are required to be thermally stable. Due to the thermal instability 
of some explosive samples, LC-MS proves to be a better instrumental approach in the 
analysis of smokeless powders. One challenge to using LC-MS is the matching of a 
liquid at high pressure with the vacuum of the mass spectrometer 4. In order to interface a 
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LC to a mass spectrometer, appropriate desolvation of the mobile phase is required. 
Similar to GC-MS, analysis times on the order of approximately thirty minutes per 
sample proves to be traditionally long.  
 
1.3.3 ANALYSIS OF SMOKELESS POWDER BY IMS 
IMS is another instrumental technique, which consists of an atmospheric pressure 
ion source followed by an ion-molecule reactor attached to an ion-drift spectrometer. 
Sample ions formed in the reactor are injected into an electric field and separated 
according to their mobility as they travel through a drift gas. Ion mobility data is 
represented by a plot of ion current as a function of drift time. Results produced by IMS 
are dependent on the basis of ion size, conformation, and charge state instead of their 
mass 52.  
IMS is recognized and used in airport security throughout the world. Personal 
items are swabbed at these security checkpoints and the sample is analyzed by the 
instrument. The drift time of the ions present on the swabbed samples are compared to 
known drift times for explosive samples or smokeless powders contained within the 
associated database. The benefit of IMS is the quick analytical result obtained from the 
instrument, alongside the ease of use and limited training required to operate the 
instrument. The limitation of IMS, however, is its low discriminating power due to its 
analytical result based on drift time. Specifically, IMS provides the advantage of high 
sensitivity and speed, but low specificity. Therefore false positives or false negatives may 
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occur 11. For example, personal care products, cooking oils, and cooking fats may display 
a false positive reading for the detection of trace explosives. 
 
1.3.4 ANALYSIS OF SMOKELESS POWDER BY ADDITIONAL METHODS 
Other analytical techniques and approaches have been exploited in the testing of 
explosive samples and smokeless powder. FTIR is one analytical technique, which is 
attractive due to the requirement of small sample size and production of a quick 
analytical result 14. Isotopic ratio analysis is another analytical approach that has been 
tested in the detection and characterization of improvised explosives. The benefit of this 
analytical technique is its precision in measuring the stable isotopic composition of 
organic materials, which provides a powerful technique to associate or discriminate 
materials that may be indistinguishable by physical or chemical features 21. The current 
limitation to this approach is that further sample preparation needs to be performed to 
effectively discern analytical results from mixtures. 
 
1.4 AMBIENT IONIZATION MASS SPECTROMETRY 
 Ambient ionization is an analytical approach where a sample can be ionized by 
creating ions outside of the instrument. Ambient ionization techniques allow for a sample 
to be analyzed in real time with little to no sample preparation. A limitation to these 
techniques is the low discrimination ability or lack of detection of certain compounds of 
interest, due to the complexity of the mass spectral data for some sample types. A benefit 
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to these techniques is the ability to rapidly detect compounds that may be present in trace 
samples.  
DESI, for example, is an ambient ionization technique. This methodology allows 
organic molecules present at sample surfaces to be analyzed by MS without requiring, in 
most cases, any sample pretreatment. Ionization is accomplished by spraying the sample 
with an electrically charged aqueous mist and the ions released from the surface are 
transported through air at atmospheric pressure at a set distance before they reach the 
atmospheric interface of the mass spectrometer 8. Studies have found that LC-MS may be 
a better option for the analysis of explosives due to its performance for confirmatory 
analysis, whereas DESI-MS may be applied as a screening technique for the analysis of 
explosives 12. Retention time, in addition to mass spectral data obtained by LC-MS, 
provides more information about the compound. Minimal sample preparation is an 
advantage to utilizing DESI-MS, however complicated spectral data may be a result. 
 
1.4.1 DIRECT ANALYSIS IN REAL TIME  
Direct Analysis in Real Time (DART) is an ambient pressure ionization source. 
DART allows the direct ionization of a sample in solid, liquid, or gas under atmospheric 
conditions. This analytical approach allows the ionization process to desorb analyte 
molecules from samples by exposing their surfaces to some ionizing gas. DART 
specifically uses a gas phase ionization approach. DART requires some form of volatility 
of the analyte, which makes the instrument a more favorable candidate for the analysis of 
smokeless powder 38. This allows for additional pathways of ion formation, which are 
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possible with DART, such as charge transfer and Penning ionization 40. Sample 
preparation is absent to minimal and results can be obtained in seconds.  
A DART Standard Voltage and Pressure (SVP) ionization source was used in this 
research. The DART SVP is designed to constantly run under the same conditions in 
which the helium flow is adjusted to approximately 3.5 L min-1 and the gas temperature 
may vary from 50°C to 550°C 38.   
The application of DART in the detection of explosives yields a method for 
providing rapid analytical results 39-40. DART provides many great benefits in the field of 
forensics. Speed is useful in time critical situations, such as immediately following a 
blast, and for high throughput demands, such as airport screening 39. Additionally, DART 
can be considered a minimally-destructive technique. Some sample types do not require 
alteration and can be analyzed in their current state. This allows preservation and 
integrity of the original sample 39. The utilization of DART is versatile on what sample 
types can be analyzed and range from chemical warfare agents, pharmaceutics, drugs of 
abuse, and biocides 40-44. DART has been shown to be a powerful tool for the analysis of 
trace explosives, demonstrated by its ability to accurately and reproducibly detect a wide 
range of explosives with sensitivities similar to current analytical techniques 54. 
Additionally, due to DART’s ability to ionize samples in a preserved state, the analysis of 
trace explosives from post-blast debris is possible while maintaining other valuable 
evidence, such as latent fingerprints 55. 
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1.4.2 DART INTERFACED TO ION TRAP MASS SPECTROMETRY 
Ion formation prior to detection and analysis depends on factors such as the nature 
of the carrier gas used, concentration of the analytes, and the polarity of the ions 40. The 
benefit of analyzing ion species utilizing DART is that both positive and negative ion 
modes can be recorded. In the application of explosives analysis, analytes of interest from 
smokeless powders can be recorded rapidly when coupled to mass spectrometry. The 
benefit of obtaining rapid analytical results by coupling DART with a mass spectrometer 
is its versatility. In this process, ions of the analyte are formed by chemical ionization 
processes at atmospheric pressure and finally transferred into the mass analyzer. The 
Vapur interface of the DART source allows for an additional pumping stage between the 
DART source and mass spectrometer. This allows for maintenance of proper vacuum 
conditions and provides a readily equipped interface for any ambient MS technique 38. 
Ion trap mass spectrometry allows for the capture of charged particles by using 
electric or magnetic fields. The capture and separation driven by these fields allow for the 
detection of ions displayed as relative abundance based on the ions of a samples mass-to-
charge ratio (m/z). Samples require ionization and entrance though an end cap electrode. 
Ions oscillate within the trap and are subjected to forces applied by a radio frequency 
field within the system of a ring electrode and two end-cap electrodes. The ejection of 
ions from the trap is dependent on resonance signal strength. Ions of increasing mass are 
ejected as increasing radio frequency voltages are applied to the ring electrode. The 
advantages of an ion trap are its high sensitivity, resolution quality, and ion/molecule 
reactions that can be studied for mass-selection ions 56. 
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1.5 OBJECTIVE OF THESIS  
A possible threat to public safety is the ability to purchase supplies, which can be 
used to construct these explosive devices. Challenges to the instrumental analysis for the 
detection of smokeless powder from devices recovered from post-blast debris may be 
from the components used to construct the device, as well as environmental matrices. It 
should be noted that the absence of chromatographic separation could result in further 
complexity of the mass spectrum. 
A potential, probative component is the identification of the smokeless powder 
used to charge the device. An examiner can potentially establish a linkage between the 
smokeless powder identified from the post-blast debris from the site, to that found in the 
custody of a potential suspect. Various challenges are present in these scenarios, such as 
effective recovery of the smokeless powder in question from post-blast fragments, the 
concentration of smokeless powder recovered from the sample, and more importantly the 
detection of the smokeless powder itself in a complex mixture due to matrix 
interferences. Matrix interference presents a challenge in the detection of smokeless 
powder. The objective of this research is to effectively identify a way to separate 
smokeless powder components from various matrices.    
The first technique utilized was a liquid-liquid extraction (LLE). The experiment 
tested the potential of organically separating the analytes of interest of the smokeless 
powder from other compounds present in the mixture sample. The second technique used 
in extracting these laboratory prepared mixture samples was used to further examine the 
methodology of using CarbopackTM X coated wire mesh as an adsorbent for targeted 
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analytes of interest from the smokeless powder. Previous work conducted by our group 
established the collection and testing methods for various neat, non-mixed smokeless 
powder samples using CarbopackTM X coated wire mesh 53. As a result of this work, 
further testing of smokeless powders in sample mixtures was conducted to test and 
evaluate the efficacy of the techniques on the laboratory prepared sample mixtures.  
After testing the two different extraction techniques, analysis and evaluation was 
performed on the extracted samples using DART-MS to determine which method can 
detect the smokeless powder analytes of interest from the sample mixtures. Public safety 
is critical and finding an improved and effective way to analyze these types of 
challenging samples would greatly benefit crime laboratories facing increasing 
turnaround times and case backlogs. 
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METHODS  
 
2.1 MATERIALS AND METHODS 
  Hodgdon Hornady LEVERevolution (HHL) smokeless powder was used as the 
powder of interest in this research and was obtained from a local sporting goods store. 
DART QuickStripTM Sample Cards (Part No. SVP-70001) were purchased from IonSense 
Inc. (Saugus, MA). Pint-sized (16 oz.) paint cans composed of aluminum and pressure 
lids were obtained from Fisher Scientific (Pittsburg, PA, USA). The pressure lids were 
modified to fit two Swagelok tube fittings. The Swagelok fittings were obtained from 
Cambridge Valve & Fitting, Inc. (Billerica, MA, USA): a ¼" straight thread male tube 
adapter (Part No. SS-4-TA-1-OR) and a ¼" straight thread O-seal male connector (Part 
No. SS-400-1-OR). Stainless steel, self-sealing hex nuts (Part No. 91339A160), which 
are used to seal the fittings were purchased from McMaster-Carr (Robbinsville, NJ, 
USA). 
The apparatus used for dynamic headspace concentration consisted of a heating 
mantle (115 V, Cat No. 100B CH093) and a PowrTrol Voltage Control temperature 
controller (Model No. 104A PL120) purchased from Glas-Col® (Terre Haute, IN, USA). 
The temperature of the heating mantle was read with a Jenco Type J thermocouple pocket 
thermometer (Model 701). The Leland Legacy vacuum pump, SureSeal opaque white, 
solvent resistant polypropylene cassettes (2-piece, 37 mm), and fiberglass filters (1 µm, 
37 mm, type AE) were purchased from SKC, Inc. (Eighty Four, PA, USA). CarbopackTM 
X, a graphitized carbon material with a mesh size of 60/80, pore size of approximately 
0.62 cm3/g and surface area of approximately 240 m2/g was used. Acetone, acetonitrile, 
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hexane, methanol, octane, and pentane were purchased from Fisher Scientific. 4mL 
borosilicate clear glass vials with black phenolic caps were purchased from Fisher 
Scientific. A Hamilton 10uL glass syringe was purchased from Fisher Scientific. 
Aluminum dishes were purchased from VWR. A Bernzomatic 14.1 oz. propane cylinder 
was purchased from a local home improvement store. China SLK metal caps and 
Schedule 40 black steel pipe nipples were purchased from a local plumbing supply 
warehouse. Motor oils were purchased at a local automotive supply store. 
A DART-Standard Voltage and Pressure (SVP) ambient ion source (IonSense 
Inc., Saugus, MA, USA) interfaced to a ThermoQuest Finnigan LTQ Mass Spectrometer 
System (San Jose, CA, USA) was used for the analysis of the samples. Helium (ultra-
high purity) was used as the ionizing gas for the DART ionization source. The DART 
ionization source, linear rail and QuickStripTM module were obtained from IonSense, Inc. 
The DART software, version 4.6.14, was used to operate the DART ionization source. 
XCaliburTM Qual Browser software, version 2.1.0SP1.1160, was used for the analysis of 
all mass spectral data. 
 
2.2 LIQUID-LIQUID EXTRACTION METHODOLOGY DEVELOPMENT 
2.2.1 SOLVENT DISSOLUTION OF SMOKELESS POWDERS 
Effective recovery and detection of smokeless powder in a mixture sample may or 
may not be available or possible unless an extraction technique is performed. In the 
absence of visible quantities of organic explosives, solvents are typically used to remove 
explosive residues from swab materials and post-blast debris. These solvents are 
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generally organic in nature and extract additional components for the sample matrix 
including plasticizers, oils, and dye components in greater quantities than the explosive 
themselves 45, 46. Traditionally, the key to the successful detection of trace quantities of 
explosives in a highly contaminated environment not only relies on a suitable sampling 
method and a sensitive analytical technique, but also requires effective extraction and a 
compatible extract clean-up procedure. This is to ensure that all target explosives 
collected on the sampling medium are efficiently transferred into the extract and that co-
extracted interfering compounds are removed before the extract is subjected to the final 
instrumental analysis 47. Prior to testing the complexity of mixed samples and the 
recovery of the analytes of interest of the smokeless powder, analysis of neat smokeless 
powder was first performed to obtain a mass spectrum for the chemical composition of 
HHL smokeless powder. Two particles of HHL smokeless powder were placed into glass 
vials and dissolved in 1mL of various organic solvents. The solvents used were: acetone, 
acetonitrile, ethyl acetate, methylene chloride, and methanol. A vortex was used to agitate 
and dissolve the smokeless powder in the respective vials, which contained the 
corresponding solvents mentioned. 5uL of the solution was pipetted onto a QuickStrip™ 
card and the samples were analyzed by DART-MS in positive ion mode.  
Background spectra were obtained to observe ions that may or may not interfere 
with the analytes of interest from the smokeless powder sample. For example, the 
laboratory air environment, the mesh substrate of the QuickStrip™ card, and each of the 
neat solvents used to dissolve the smokeless powder were noted. The background spectra 
were compared to note any potential characteristics that may interfere or have similar 
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analytes of the neat smokeless powder sample. Additional studies were performed using 
neat HHL in which one grain of HHL was dissolved in 50uL acetone/ 950uL acetonitrile 
and variations of these additional neat HHL studies were performed prior to creating 
laboratory prepared mixture samples. 
 
2.2.2 SOLVENT DISSOLUTION OF MOTOR OILS 
 One component that may contribute to the complexity of detecting the analytes of 
interest of smokeless powder from an explosive is motor oil. Similar to the analysis of 
neat smokeless powder, the analysis of neat motor oil was performed to determine the 
chemical composition for the makeup of motor oil.  
Pennzoil 10W-40 (P10W40) was used in this study as the neat motor oil sample. 
One drop of P10W40 was transferred into glass vials in 1mL of various solvents. The 
solvents used were: pentane, hexane, and octane. A vortex was used to agitate and 
solubilize the motor oil sample in the respective vials. 5uL of the solution was pipetted 
onto a QuickStrip™ card, allowed to dry, and analysis of the samples were performed by 
DART-MS in positive ion mode. 
Background spectra were obtained to observe ions that may or may not interfere 
with the analytes of interest with the motor oil sample. For example, the laboratory air 
environment, the mesh substrate of the QuickStrip™ card, and a spectrum of the neat 
chemical solvent were noted. The background spectra were compared to note any 
potential characteristics that may interfere or have similar m/z species to those of the neat 
motor oil sample. 
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2.2.3 SOLVENT EXTRACTION AND DISSOLUTION OF PIPE NIPPLE AND 
CAP RESIDUE 
 An additional component that may play a role in the challenge of detecting the 
components of smokeless powder is the container used to house the smokeless powder. 
Analysis of the solvent rinse of the galvanized steel pipe nipple and caps were first 
performed in an effort to determine chemical contributions to the resulting DART-MS 
data. China SLK caps were obtained from the same container and soaked in pentane 
inside a beaker to obtain as much residue from this sample type. The China SLK caps 
were then removed and the solvent was allowed to evaporate. Similarly, Schedule 40 
black steel pipe nipples were obtained from the same container and soaked in pentane 
inside a separate beaker to obtain as much residue from this sample type. The Schedule 
40 black steel pipe nipples were then removed and the solvent was allowed to evaporate. 
As a control, approximately 150mL of neat pentane was placed inside a separate beaker 
to account for any potential contaminants as a result of the evaporation and extraction 
process.  
 A swabbing of the extracted China SLK cap residue from the beaker was taken, 
cut, and transferred into a glass vial with 500uL of pentane. Cotton was removed in such 
a way to avoid sampling the adhesive during testing. A vortex was used to agitate the 
samples. 5uL of the solution was pipetted onto a QuickStrip™ card and the samples were 
analyzed by DART-MS in positive ion mode. 
Background spectra were also obtained to observe ions that may or may not 
interfere with the analytes of interest with the residue samples. The background spectra 
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were compared to note any potential characteristics that may interfere or have similar 
analytes to those of the residue sample. 
 
2.2.4 SOLVENT DISSOLUTION OF MIXTURE SAMPLES 
 LLE techniques were employed as an initial method to remedy the separation of 
the analytes of interest from potential matrix interferences. Mixture samples were first 
prepared and tested using neat HHL and P10W40. A vortex was used to agitate and 
dissolve the smokeless powder and motor oil mixture in various solvents. 5uL of the 
solution was pipetted onto a QuickStrip™ card and the samples analyzed by DART-MS 
in positive ion mode. 
Two particles of HHL smokeless powder and one drop of P10W40 were placed 
into a glass vial with 2mL acetone and 2mL pentane. One particle of HHL smokeless 
powder and one drop of P10W40 were combined into a glass vial with 50uL acetone/ 
950uL acetonitrile and 1mL of pentane. Further studies included the preparation of one 
particle of HHL smokeless powder and one drop of P10W40 into a glass vial and mixed 
with 50uL acetone/ 950uL acetonitrile and 1mL of pentane. In an effort to further reduce 
the complexity of the mixture, a second LLE was performed with this sample mixture to 
further extract the two phases in which a simpler, probative result would potentially be 
obtained. Additional testing involved varying the solvent types, which included preparing 
one particle of HHL smokeless powder and one drop of P10W40 into a glass vial and 
mixed with 50uL acetone/ 950uL methanol and 1mL of pentane. Lastly, in an effort to 
separate the motor oil from the target analytes, an additional LLE approach was taken 
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using one particle of HHL smokeless powder and one drop of P10W40 by placing the 
samples into a glass vial, mixing the sample with 50uL acetone/ 950uL acetonitrile and 
either 1mL of hexane or octane. 
 
2.3 DYNAMIC HEADSPACE EXTRACTION METHODOLOGY 
DEVELOPMENT 
2.3.1 EXTRACTION OF SMOKELESS POWDERS 
Work previously performed in our group demonstrated the extraction efficiency 
for smokeless powder, which was adapted and modified from the E1413-13 standard 
issued by the American Society for Testing and Materials (ASTM) for the separation and 
concentration of ignitable liquid residues from fire debris samples by dynamic headspace 
concentration 48, 53. The optimal parameters that were applied on the samples used in this 
research, reflect the optimal parameters previously performed by our group 53. The 
optimal parameters that were applied utilizing dynamic headspace concentration were: 
five minute run time, flow rate of 3 L/min, temperature of 150°C. The Carbopack™ X 
coated wire mesh samples were then analyzed by DART-MS in positive ion mode. 
Background spectra were obtained to observe ions that may or may not interfere 
with the analytes of interest with the smokeless powder sample. For example, the ambient 
environment as well as the Carbopack™ X coated wire mesh. Prior to testing the 
complexity of mixed samples and the recovery of the analytes of interest of HHL 
smokeless powder, analysis of neat HHL smokeless powder was performed by dynamic 
headspace concentration. Multiple runs were performed using 5mg of neat, unburnt HHL 
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smokeless powder to evaluate the effectiveness of the extraction approach for the target 
analytes. 
 To determine the presence of trace amounts of HHL smokeless powder, a 
sensitivity study was performed on varying amounts of neat, unburnt HHL smokeless 
powder. The samples of unburnt HHL smokeless powder were as follows: 5mg, 10mg, 
25mg, 50mg, and 100mg. Similarly, a sensitivity study was performed on varying 
amounts of neat, burnt HHL smokeless powder. The samples of burnt HHL smokeless 
powder were as follows: 5mg, 10mg, 25mg, 50mg, and 100mg. The weighed amounts of 
the smokeless powder were placed in aluminum dishes and ignited in a controlled 
environment. Multiple negative controls were run using Carbopack™ X coated wire 
mesh strips to observe any detection of analytes corresponding to the smokeless powder 
after the use and cleaning of the cans and supplies used for the neat smokeless powder 
study. 
 
2.3.2 EXTRACTION OF MOTOR OILS 
 Similar to the analysis of neat smokeless powder, the analysis of neat motor oil 
was performed to obtain mass spectral data for the chemical composition of motor oil by 
dynamic headspace concentration. P10W40 was used as the neat motor oil for this study. 
The samples of neat motor oil were analyzed by DART-MS in positive ion mode. 
Background spectra were obtained to observe ions that may or may not interfere 
with the analytes of interest with the smokeless powder sample. For example, the 
laboratory air environment and the Carbopack™ X coated wire mesh were noted. 
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Multiple runs using one drop of P10W40 undergoing dynamic headspace were performed 
to obtain mass spectral results of the neat P10W40 motor oil sample.  
 
2.3.3 EXTRACTION OF PIPE NIPPLE AND CAPS 
Prior to the extraction and analysis of laboratory prepared mixtures using dynamic 
headspace concentration, extraction of neat galvanized steel pipe nipple and cap residue 
was performed to determine the chemical composition of these sample residue types. 
China SLK and Schedule 40 laboratory prepared residue samples were extracted by 
dynamic headspace concentration and analyzed by DART-MS in positive ion mode. 
Similarly, background spectra were obtained to observe ions that may or may not 
interfere with the analytes of interest with the smokeless powder sample. For example, 
the laboratory air environment and the Carbopack™ X coated wire mesh were noted. 
Multiple runs were performed using 50mg of China SLK residue and 50mg of Schedule 
40 residue.  
 
2.3.4 EXTRACTION OF MIXTURE SAMPLES 
Dynamic headspace concentration was employed as an additional method to 
remedy the separation of the HHL smokeless powder analytes of interest from the 
remaining matrix contributions. The complexity of the mixtures increased, beginning 
with testing neat HHL smokeless powder with P10W40 motor oil. The complexity of the 
mixture samples were then followed by testing neat HHL with P10W40 motor oil, China 
SLK cap residue, and Schedule 40 steel pipe nipple residue. The samples were analyzed 
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by DART-MS in positive ion mode. Background spectra were obtained to observe ions 
that may or may not interfere with the analytes of interest with the smokeless powder 
sample. For example, the laboratory air environment and the Carbopack™ X coated wire 
mesh were noted.  
Multiple runs were performed using 50mg of unburnt HHL and one drop of 
P10W40 to observe if the detection of the analytes of interest with respect to the HHL 
smokeless powder were detectable. The complexity of the mixture was then applied to 
varying amounts of unburnt HHL smokeless powder, each with one drop P10W40 motor 
oil and China SLK cap residue. The amounts of unburnt smokeless powder were as 
follows: 5mg, 10mg, 25mg, 50mg, and 100mg. Finally, a mixture study was performed 
using varying amounts of burnt HHL smokeless powder, each with one drop P10W40 
and China SLK cap residue. The amounts of burnt smokeless powder ranged with the 
same starting amounts of the unburnt smokeless powder samples. The weighed amounts 
of the smokeless powder were ignited in a controlled environment.  
 
2.4 OPTIMIZATION OF DART-MS PARAMETERS 
In an effort to obtain mass spectral data for the analytes of interest, effective 
adsorption of the target analytes and effective desorption from the Carbopack X™ coated 
wire mesh was necessary 49. Previous research conducted in our laboratory optimized the 
adsorption and desorption parameters. Optimized DART parameters were as follows: 
positive ion mode, run temperature of 200°C, heater wait time of one second, sample 
speed of 1.0mm/ sec, and contact closure delay of ten seconds. Parameters used for all 
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samples analyzed with the Finnigan LTQ Mass Spectrometer were the following: 
capillary voltage (15.00V); capillary temperature (200°C); tube lens (120V); multipole 00 
offset (-4.00V); lens 0 voltage (-4.20V); multipole 0 offset (-4.50V); lens 1 voltage (-
15.00V); gate lens (-35.00V); multipole 1 offset (-8.00V); multipole RF amplitude 
(400.00V); front lens (-5.25V); electron multiplier 1 voltage (-1040.00V); electron 
multiplier 2 voltage (-1055.00V); max injection time (150ms); full MS target (3.00 x 
104); SIM target (1.00 x 104); MSn target (1.00 x 104); zoom target (3000); microscans 
(3). 
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RESULTS 
 
 
3.1 LIQUID-LIQUID EXTRACTION METHODOLOGY DEVELOPMENT  
The development of the LLE method was an effort to evaluate the separation of 
analytes of interest from the matrix contributions within the mixture samples. We 
hypothesized that the target analytes would partition into the polar phase whereas the 
matrix contributions would partition into the non-polar phase. 
 
3.1.1 SOLVENT DISSOLUTION OF SMOKELESS POWDERS 
The spectra of neat HHL was similar when dissolved in acetone, acetonitrile, or 
ethyl acetate. Figures 1 and 2 display the chemical composition of the smokeless powder 
and relative abundance. Ion intensity of the HHL components were different when 
dissolved in methylene chloride. Figures 1 and 2 display the scan intensity difference of 
the powder dissolved in methylene chloride, which appeared lower (1.39 x 105) when 
compared to acetone (7.46 x 105). The major ions present using acetone, acetonitrile, and 
ethyl acetate were the m/z ions of 148 and 269, which correspond to the protonated 
product ion of ethyl centralite (m/z 148) and the protonated precursor ion of ethyl 
centralite (m/z 269). The major ions present using methylene chloride were the 
protonated precursor ions of ethyl centralite (m/z 269) and diphenylamine (m/z 170). 
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Figure 1: Mass spectrum of HHL smokeless powder dissolved in acetone 
 
 
Figure 2: Mass spectrum of HHL smokeless powder dissolved in methylene 
chloride 
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DART-MS analysis of HHL smokeless powder dissolved in an acetone/ 
acetonitrile solvent mixture was performed prior to creating laboratory prepared mixture 
samples. The analytical results yielded a mass spectrum similar to that of the smokeless 
powder dissolved in acetone, acetonitrile, or ethyl acetate when analyzed using DART-
MS. 
 
3.1.2 SOLVENT DISSOLUTION OF MOTOR OILS 
Prior to the creation of contrived mixtures involving various matrix interferences, 
neat P10W40 was also analyzed and a mass spectrum for the chemical composition of the 
sample was produced. Figures 3, 4 and 5 display mass spectra of the neat P10W40 
sample dissolved in pentane, hexane, and octane. The results yielded similar ions 
detected with slight deviations in scan intensity using the three different solvents.  
 
Figure 3: Mass spectrum of P10W40 motor oil in pentane 
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Figure 4: Mass spectrum of P10W40 motor oil in hexane 
 
 
 Figure 5: Mass spectrum of P10W40 in octane 
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3.1.3 SOLVENT EXTRACTION AND DISSOLUTION OF PIPE NIPPLE AND 
CAP RESIDUE 
The relative abundance of ions present in the pentane solvent extract of neat 
China SLK cap residue yielded a complex mass spectrum of numerous m/z species. The 
results suggest the detection of smokeless powder in such mixtures may be difficult. Data 
shown in Figure 6 was generated for the purpose of evaluating the m/z contributions for 
the matrix interference study. 
 
Figure 6: Mass spectrum of China SLK cap residue 
 
3.1.4 SOLVENT DISSOLUTION OF MIXTURE SAMPLES 
The LLE approach results in a bi-phasic mixture of liquid phases. The miscibility 
of the two solvents (acetone and pentane) was tested and two separate phases were 
visible. The experiment tested the dissolution of HHL smokeless powder having a greater 
affinity to the top layer containing acetone and the motor oil having a greater affinity to 
the bottom layer containing pentane. The laboratory prepared mixture samples began 
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with dissolving two grains of HHL smokeless powder and one drop of P10W40 with 
2mL acetone and 2mL pentane. The sample was vortexed, two separate phases were 
visible, and aliquots of each phase were analyzed by DART-MS. As demonstrated in 
Figure 7, the protonated ion species of ethyl centralite (m/z 148 and 269) and 
diphenylamine (m/z 170) are present in the top acetone layer. Similarly, the protonated 
ion species of ethyl centralite and diphenylamine are also present in the bottom pentane 
layer (Figure 8). Both layers of the aliquots display no separation for the analytes of 
interest corresponding to the HHL smokeless powder.   
 
Figure 7: Top layer of HHL and P10W40 sample mixed in acetone and 
pentane  
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Figure 8: Bottom layer of HHL and P10W40 sample mixed in acetone and 
pentane 
An additional study was performed in which one grain HHL smokeless powder 
and one drop P10W40 motor oil was mixed with 50uL acetone/ 950uL acetonitrile and 
1mL pentane. A secondary LLE was performed in an attempt to separate the analytes of 
interest of the smokeless powder from those of the motor oil by affinity, using an 
additional 1mL of pentane. As displayed in Figures 9 and 10, performing a secondary 
LLE provided no additional separation of the protonated diphenylamine or ethyl 
centralite analytes of the smokeless powder into the two layers. 
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Figure 9: Top layer of HHL and P10W40 after LLE cleanup using acetone 
 
 
Figure 10: Bottom layer of HHL and P10W40 after LLE cleanup using 
pentane 
A variation of the LLE technique was performed using a different solvent in an 
effort to separate the HHL smokeless powder from the mixture samples. One grain of 
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HHL smokeless powder and one drop of P10W40 motor oil was added to 50uL acetone/ 
950uL methanol and 1mL pentane. Additional efforts to modify the LLE approach 
provided no separation in regards to the m/z ions of the HHL smokeless powder. The 
mass spectral data appeared similar to that of the results mentioned previously. 
Lastly, two experiments were conducted with the HHL smokeless powder sample 
and P10W40 motor oil sample. In both studies, one grain HHL smokeless powder and 
one drop of P10W40 motor oil in 50uL acetone/ 950uL methanol was used. In one study, 
1mL hexane was tested and in the other study, 1 mL octane was tested. Similar results 
were observed with no clear separation of the HHL analytes of interest.   
 
 
Figure 11: Top layer of HHL and P10W40 mixture using octane  
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Figure 12: Bottom layer of HHL and P10W40 mixture using octane  
 
3.2 DYNAMIC HEADSPACE METHODOLOGY DEVELOPMENT 
 Further experiments were conducted using dynamic headspace extraction to 
evaluate the potential for the detection and effective separation of the analytes of interest 
of the HHL smokeless powder from the various matrix interferences. Carbopack™ X 
coated wire mesh is a graphitized carbon material with an affinity for volatile organic 
compounds (VOC’s) 50-51. The potential of the analytes of the HHL smokeless powder 
adsorbing to the Carbopack™ X coated wire mesh was evaluated for the purpose of 
capturing ion species of the smokeless powder regardless of what additional substrate(s) 
may be present with the smokeless powder sample. The evaluation of the Carbopack™ X 
coated wire mesh was also tested with other sample types that may come in contact with 
improvised explosive devices, such as motor oil, pipe nipples, and end caps. 
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3.2.1 EXTRACTION OF SMOKELESS POWDERS 
Multiple repetitions of the same procedure using 5mg of neat, unburnt HHL 
smokeless powder displayed similar mass spectral data, yielding reproducible results. 
Samples extracted using dynamic headspace concentration produced similar m/z ions 
present in the neat smokeless powder LLE study. As demonstrated in Figure 13, the 
protonated product ion and precursor ion of ethyl centralite (m/z 148 and 269) was 
detected, as well as the protonated precursor ion of diphenylamine (m/z 170), which was 
only present with smokeless powder dissolved in methylene chloride.  
 
 
Figure 13: Dynamic headspace concentration of 5mg neat, unburnt HHL 
smokeless powder  
The mass spectra of the varying amounts of neat, unburnt HHL smokeless powder 
in the sensitivity study appeared similar when extracted using dynamic headspace 
concentration. As demonstrated in Figure 14, the 10mg neat, unburnt smokeless powder 
sample is used as a representative for the sensitivity sample set. All samples displayed the 
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protonated ions corresponding to ethyl centralite (m/z 148 and 269). As demonstrated in 
Figure 15, the 100mg neat, unburnt HHL smokeless powder samples did not display the 
protonated precursor ion corresponding to diphenylamine (m/z 170), whereas 
diphenylamine was observed in the 5mg, 10mg, 25mg, and 50mg samples. When 
comparing Figures of 13, 14, and 15, considering equally sized pieces of Carbopack™ X 
coated wire mesh, the lack of the m/z 170 protonated species may be a result of saturation 
during dynamic headspace concentration of ethyl centralite. Additionally, the scan 
intensity observed was much greater when testing 100mg (9.20 x 106), as opposed to 
10mg (1.32 x 106) of neat, unburnt HHL smokeless powder. 
 
Figure 14: Dynamic headspace concentration of 10mg neat, unburnt HHL 
smokeless powder  
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Figure 15: Dynamic headspace concentration of 100mg neat, unburnt HHL 
smokeless powder  
The mass spectra from the sensitivity study of the neat, burnt HHL smokeless 
powder samples yielded different overall results when extracted with dynamic headspace 
concentration. As demonstrated in Figure 16, the only sample in which the analytes of 
interest of the smokeless powder were detected was in the sample containing 100mg neat, 
burnt smokeless powder. In this sample, the protonated ions of ethyl centralite (m/z 148 
and 269) were detected. All remaining samples displayed various m/z ions. The lack of 
the m/z species corresponding to the smokeless powder may be due to the trace amounts 
of smokeless powder residue as a product of deflagration. The trace amounts of the 
smokeless powder may be limited to adsorption onto the Carbopack™ X coated wire 
mesh and detection by DART-MS.   
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Figure 16: Dynamic headspace concentration of 100mg neat, burnt HHL 
smokeless powder  
 
3.2.2 EXTRACTION OF MOTOR OILS 
Dynamic headspace concentration of one drop of neat P10W40 was extracted and 
a mass spectrum for the chemical composition of the motor oil was observed. As 
demonstrated in Figure 17, the analytes adsorbed to the Carbopack™ X coated wire mesh 
of the neat P10W40 and analyzed by DART-MS display additional m/z ions compared to 
motor oil dissolved in solvent. The scan intensity of the neat motor oil sample extracted 
using dynamic headspace appears much lower (1.38 x 105) than the scan intensity of neat 
motor oil dissolved in solvent (7.05 x 105) (Figure 3). The differing scan intensities may 
be due to the analytes in the neat motor oil having lower affinity to the Carbopack™ X 
coated wire mesh. However, as displayed in Figure 17, m/z 170 is present at relatively 
low abundance and may or may not affect results when analyzing the presence or absence 
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of smokeless powder. Although the m/z ion 170 is present, the ions corresponding to 
ethyl centralite (m/z 148, 269) were not detected.  
 
Figure 17: Mass spectrum of neat P10W40 motor oil sample  
 
3.2.3 EXTRACTION OF PIPE NIPPLE AND CAPS 
Further studies were performed utilizing dynamic headspace concentration on the 
various matrix interferences that smokeless powder may be exposed to in casework 
samples. China SLK cap residue was extracted and a mass spectrum for the chemical 
composition of the cap residue was obtained. As demonstrated in Figure 18, the analytes 
adsorbed to the Carbopack™ X coated wire mesh of the neat cap residue and analyzed by 
DART-MS display a less complex mass spectrum compared to the cap residue dissolved 
in solvent (Figure 6). As displayed in Figure 18, ion species m/z 269 is present at 
relatively low abundance and may or may not affect results when analyzing the presence 
or absence of smokeless powder. Although m/z ion 269 is present, the ions corresponding 
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to the protonated product ion of ethyl centralite (m/z 148) and the protonated precursor 
ion of diphenylamine (m/z 170) are not detected. 
 
Figure 18: Mass spectrum of neat China SLK cap residue sample  
Additionally, dynamic headspace concentration of the Schedule 40 black steel 
pipe nipple residue was extracted and a mass spectrum for the chemical composition of 
the pipe nipple residue was obtained. As demonstrated in Figure 19, the analytes 
adsorbed to the Carbopack™ X coated wire mesh of the neat cap residue and analyzed by 
DART-MS display m/z species not corresponding to major relative abundant ions of the 
HHL smokeless powder (ethyl centralite and diphenylamine). However, two m/z species 
were present (m/z 149 and 279), which has been shown to be a protonated precursor ion 
(m/z 279) and a protonated product ion (m/z 149) of dibutyl phthalate, present in HHL 
smokeless powder. These protonated ions may provide a false positive identification of 
the smokeless powder. These ion species corresponding to dibutyl phthalate are present, 
however are seen at low relative abundance. 
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Figure 19: Mass spectrum of neat Schedule 40 black steel pipe nipple residue 
sample  
 
3.2.4 EXTRACTION OF MIXTURE SAMPLES 
Multiple tests performed in triplicate of the same procedure were used to assess 
the reproducibility of 50mg neat, unburnt HHL smokeless powder and one drop of 
P10W40 motor oil. The m/z species of ethyl centralite (m/z 148 and 269) were present in 
all tests performed. As displayed in Figure 20, one mass spectrum is used as a 
representative for the samples. The m/z species of diphenylamine (m/z 170) appeared in a 
majority of the multiple tests performed on the mixture samples. Varying reproducibility 
of diphenylamine may be due to the oversaturation of ethyl centralite (m/z 269), 
especially at 50mg and possibly the addition of a supplemental matrix introduced. Further 
analysis would need to be performed to assess the reproducibility and verification of the 
presence and absence of diphenylamine. 
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Figure 20: Mass spectrum of 50mg neat, unburnt HHL smokeless powder 
and one drop P10W40 sample  
Tests were performed to assess the detection sensitivity of neat, unburnt HHL 
smokeless powder and increasing the complexity of the matrix interference. One drop of 
P10W40 motor oil and China SLK cap residue was introduced to increase the complexity 
of the mixture and for the possible detection of varying amounts of HHL smokeless 
powder. Data shown in Figure 21 demonstrates the absence of ion species corresponding 
to the protonated product ion of ethyl centralite (m/z 148) and the protonated precursor 
ion of diphenylamine (m/z 170). Ion species corresponding to the protonated product and 
precursor ions of dibutyl phthalate were observed at relative abundance (m/z 149 and 
279), which was also observed in the neat China SLK cap residue. Additionally, the 
protonated ion species observed in the neat China SLK cap residue were detected in the 
mixture (m/z 177, 217, 223, 234, and 240). Ion species of the protonated product and 
precursor ions of ethyl centralite (m/z 148 and 269) and the protonated precursor ion of 
diphenylamine (m/z 170) were present in the mixture samples containing either 10mg, 
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25mg, or 50mg of neat, unburnt HHL smokeless powder. As displayed in Figure 22, the 
presence of the protonated ions correlating to ethyl centralite is observed (m/z 148 and 
269), however the presence of diphenylamine is not observed. This may be due to 
oversaturation of the m/z 269 peak, as displayed by ion intensity (7.75 x 106) in the mass 
spectrum.  
 
 
Figure 21: 5mg neat, unburnt HHL smokeless powder with P10W40 and 
China SLK cap residue 
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Figure 22: 100mg neat, unburnt HHL smokeless powder with P10W40 and 
China SLK cap residue 
Further tests were performed to assess the detection sensitivity of neat, burnt HHL 
smokeless powder and increasing the complexity of the matrix interference. One drop of 
P10W40 motor oil and China SLK cap residue was introduced to increase the complexity 
of the mixture and for the possible detection of varying amounts of burnt HHL smokeless 
powder. Data shown in Figure 23 displays the absence of ion species corresponding to 
the protonated product ion of ethyl centralite (m/z 148) and the protonated precursor ion 
diphenylamine (m/z 170). The protonated precursor ion of ethyl centralite (m/z 269) was 
observed, however at low relative abundance. Ion species corresponding to dibutyl 
phthalate was observed (m/z 149), which was also present in the neat cap residue. As 
displayed in Figure 24, protonated ion species of ethyl centralite (m/z 148 and 269) were 
present in the mixture sample containing 100mg neat, burnt HHL smokeless powder.  
Data shows that as the amount of burnt smokeless powder decreases, the difficulty of 
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observing the analytes of interest from the smokeless powder increases in the presence of 
additional matrix interferences. 
 
 
Figure 23: 50mg neat, burnt HHL smokeless powder with P10W40 and 
China SLK cap residue 
 
Figure 24: 100mg neat, burnt HHL smokeless powder with P10W40 and 
China SLK cap residue  
CarboPack X NEAT China SLK Study and MIXTURE BURNT [HHL] with 1 Drop P10W40 China SLK residue_20160518 #630-698 RT: 3.33-3.64 AV: 69 SB: 53 0.32-0.59 NL:
T: ITMS + c NSI Full ms [50.00-400.00]
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
m/z
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
R
el
at
iv
e 
A
bu
nd
an
ce
223.09
177.10
149.12
282.23269.16239.73
267.16 314.10152.19 296.17217.18121.17 386.18180.17 330.08 344.04 373.8896.19 133.1983.1965.15
CarboPack X NEAT China SLK Study and MIXTURE BURNT [HHL] with 1 Drop P10W40 China SLK residue_20160518 #769-784 RT: 4.01-4.08 AV: 16 SB: 53 0.32-0.59 NL:
T: ITMS + c NSI Full ms [50.00-400.00]
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400
m/z
0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
R
el
at
iv
e 
A
bu
nd
an
ce
269.17
223.07
282.24
234.12
177.10148.16
239.99 267.18 296.20 386.19152.18 217.18 314.09180.19120.18 330.10102.22 394.23344.08130.22 373.2983.1669.18
 45 
DISCUSSION 
 
 The study demonstrated the effectiveness in detecting smokeless powder from 
mixture samples. The data displays an effective extraction method by dynamic headspace 
concentration with Carbopack™ X coated wire mesh and using DART-MS. The dynamic 
headspace concentration and DART-MS approach provides an additional extraction and 
analysis option to address the need for rapid sample preparation and instrumental analysis 
in forensic explosives investigations. It should be noted however, that challenges were 
encountered and further experimentation is needed for additional optimization.  
The comparison of the effectiveness of the liquid-liquid extraction technique 
versus the dynamic headspace concentration using Carbopack™ X coated wire mesh 
approach, demonstrated the need for and the importance of sample preparation in being 
able to visualize and detect smokeless powder from contrived mixtures which would 
likely be observed in true casework samples. The challenges of detecting the smokeless 
powder analytes of interest can become increasingly complicated due to many factors, 
such as: heat, humidity, presence of biological fluids, and environment. These conditions 
can play a role in how simple or complex the resulting mass spectral data is. Dynamic 
headspace concentration with Carbopack™ X coated wire mesh followed by DART-MS 
is a rapid methodology of extraction, ionization, separation, and analysis of samples. 
Technologies currently applied to the detection of smokeless powder for forensic 
explosives analysis takes much longer than samples analyzed using DART-MS. The 
analysis of these types of samples by GC-MS can take approximately thirty minutes for 
effective separation. In addition to GC-MS, LC-MS also takes approximately thirty 
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minutes for sample analysis. The primary benefit with DART-MS is its ability to rapidly 
generate MS data compared to current methods. 
 
4.1 FUTURE DIRECTIONS 
 The application of utilizing dynamic headspace concentration and Carbopack™ X 
coated wire mesh to extract smokeless powders from mixed samples appear to be 
promising, especially in the application and feasibility of contrived casework samples. 
However, further experiments are needed to improve, refine, and further challenge the 
technique. The dynamic headspace concentration method was limited to using samples 
and mixtures in the analytical detection of one smokeless powder of interest for proof of 
concept studies. A wide range of smokeless powders should be evaluated to demonstrate 
the reliability and efficacy of the method. Parameters such as the DART source 
temperature should be tested to further evaluate the reliability of the analytical method. 
Furthermore, samples should be analyzed in negative ion mode for the detection of 
smokeless powder. For example, the deprotonated molecular ion of nitroglycerin is one 
of the most abundant components for double-base smokeless powder. 
 Throughout the course of this research, focus was driven on qualitative 
assessment. Additional studies can further evaluate the analytical method in a quantitative 
approach. Establishing limit of detection (LOD), limit of quantification (LOQ), and 
minimum identification criteria represents good analytical practice. In crime laboratories, 
the introduction of a new method or procedure must undergo a thorough validation study. 
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The reproducibility of all tests to be performed should also be taken into consideration to 
obtain sound analytical methods and dependable results.   
 Carbopack™ X coated wire mesh is one type of adsorbent that is available. There 
are other types of coated wire mesh that may prove to be more effective in the affinity of 
the components of smokeless powder. Testing the reliability, robustness, and 
reproducibility of these other adsorbent types can help to obtain valid and well-rounded 
objective information for testing the extraction method and further analysis of smokeless 
powders.  
 The burnt smokeless powder samples were prepared in the laboratory in well-
controlled conditions. The extraction and analysis approach described should also be used 
on adjudicated or other true casework samples to fully test the validity of the 
methodology. Other matrix interferences may be present and adhered to post-blast debris 
and those factors can contribute to the complexity of the proposed analytical scheme.  
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